Tyzzer's disease, which is caused by infection with Bacillus piliformis, was first described by Tyzzer in 1917 [17] , and is characterized by multifocal necrotizing hepatitis, carditis and/or severe hemorrhagic enteritis [16] . B. piliformis, named by Tyzzer, is a gram -negative, spore -forming, obligate intracellular parasite [9] , which has not yet been successfully cultivated in artificial media, and whose real classification is still not clear. The diagnosis of B. piliformis infection has been based on the microscopic detection of the organism in tissues by histochemical or immunochemical staining and serological assay, such as the complement fixation test, immunofluorescence (IF) test and enzyme-linked immunosorbent assay (ELISA) [2, 5, 6] .
The polymerase chain reaction (PCR) has been shown to be an extremely sensitive technique for the detection of infectious agents [10] . Wilson et at. [18] have recently amplified bacterial 16S rDNA sequences by PCR using synthetic oligonucleotide primers complementary to universally conserved 16S rDNA sequences in eubacteria.
In this study, we initially amplified the 16 S rDNA of B. piliformis MSK strain isolated from the mouse using the universal primers, sequenced the PCR product and compared the sequence with those of the RJ strain from the rat (Tsuji et al., DDBJ, D14638) to detect conserved sequences at the species level. Using the conserved sequence data and other bacterial sequences, we selected the PCR primers that reacted specifically with the species, and then evaluated the specificity and sensitivity of this technique. Primers for the first PCR were based on a previously published sequence conserved in bacterial 16s rDNA [11, 18] 
Results
Comparison of 16S rDNA sequence of the MSK strain with that of the RJ strain : As shown in Fig. 1, lanes 3 of the expected size (625 bp) was amplified from Escherichia coli (E. coli) , RJ strain and MSK strain using the universal primers, but DNA from non-infected BRL 3A cells was not amplified. The 16S rDNA gene sequences of the 625 by from two strains of B. piliformis and E. coli are shown in Fig.  2 . The homology of the two strains was over 97%. The rates of homology between the MSK strain and other bacterial species were 79.8% (E. coli) , 68.9% (Halobacterium halobium) , 81.8% (Pseudomonas aeruginosa) and 82.9% (Clostridium ramosum). Additional oligonucleotide primers specific for B. piliformis were synthesized on the basis of the sequences as shown in Fig. 2 .
Specificity and sensitivity of B. piliformis -specific PCR : PCR-products of the same size were amplified from both MSK and RJ strains, when the specific primers were used. The H N strain also showed the same results as the two strains, as can be seen in Fig. 1, lanes 8 to 10 . However, the PCR primers used in this study did not amplify 16S rDNA sequences from E. coli (Fig. 1, lane 7 (Fig.1,   lane 6 ). The sensitivity was tested quantitatively by diluting the infected rat liver homogenates.
The DNA samples were efficiently amplified up to one organism per PCR solution, as shown in Fig. 3 .
Experimental infection in rats : No clinical signs were observed in any rats throughout the experiment. Gross lesions were found in both the liver and heart of one rat on day 5 p. i. As shown in Table 1 , B. piliformis was detected in the liver and heart (1/3) and the mesenteric lymph nodes (1/3) from two rats sacrificed on day 5 p. i. by both PCR and IF test, but B. piliformis was not detected by these methods in any samples from six rats sacrificed on days 1 and 3 p. i. and from one rat sacrificed on day 5 p, i. In this study, one third of the 16S rDNA sequence of B. piliformis (MSK strain) was determined, and we utilized the sequence data for B. piliformis-specific PCR. The homology between the MSK strain and RJ strain was over 97%, but when the sequences were compared with those of other bacteria using the GenBank data base, the homology was less (70-83%). It was suggested that the regions that were well conserved at the B , piliformis species level were included in the sequence determined here.
The B , piliformis-specific origonucleotide primer set used in this study was designed using sequences to amplify conserved regions shared by two strains of B. piliformis isolated from a mouse and a rat. Using the primer set, not only the two strains but an antigenically different HN strain (hamster origin) [12] could be detected, but other organisms were not detected. The fact that at least three strains of B. piliformis could be detected by this PCR indicated the possibility that the primer set reacts widely with B. piliformis strains.
The most remarkable advantage of the PCR system is its sensitivity. We were able to detect one organism per PCR mixture using PCR which was readily detectable by ethidium bromide staining. The sensitivity of the Bpiliformis-PCR was similar to that of other bacterial PCR [1, 13] . We assume that this high sensitivity is due to multiple copies of the 16S rDNA gene in the bacteria. B. piliformis could be detected by both PCR and IF test in 2 of 3 experimentally infected rats sacrificed on day 5p. i.
Diagnosis of B , piliformis infection in rats is generally based on clinical and histopathological observations, and serological tests. However, Tyzzer's disease is frequently subclinical [4] , and histopathological examinations are very time consuming. Serological tests for B. piliformis that are useful in confirming the infection are not applicable to diagnosis in the early stage of this infection, and serological tests such as ELISA and the IF test may not be sufficiently sensitive to detect antibodies to heterologous antigens, unless the isolates are closely related antigenically [14] , since many reports have suggested antigenic diversity among the isolates [3,141. On the other hand, PCR may be more useful in detecting the presence of B , piliformis species in the very early stages of infection. The combination of both PCR and serological tests may provide additional help in the diagnosis of this infection.
In conclusion, we have demonstrated that the 16S rDNA-based PCR established here is useful for sensitive and specific identification of B. piliformis in infected animals.
